Even though guidelines strongly recommend that patients receive a statin for secondary prevention after an acute myocardial infarction (MI), many elderly patients do not fill a statin prescription within 30 days of discharge. This paper assesses whether patterns of statin use by Medicare beneficiaries post-discharge may be due to a mix of high-quality and low-quality physicians. Our data come from the Centers for Medicare & Medicaid Services (CMS) Chronic Condition Data Warehouse (CCW) and include 100% of Medicare beneficiaries hospitalized for an acute myocardial infarction in 2008 or 2009. Our study sample included physicians treating at least 10 Medicare fee-for-service beneficiaries during their MI institutional stay. Physicianspecific statin fill rates (the proportion of each physician's patients with a statin within 30 days post-discharge) were calculated to assess physician quality. We hypothesized that if the observed statin rates reflected a mix of high-quality and low-quality physicians, then physician-specific statin fill rates should follow a u-shaped or bimodal distribution. In our sample, 62% of patients filled a statin prescription within 30 days of discharge. We found that the distribution of statin fill rates across physicians was normal, with no clear distinctions in physician quality. Physicians, especially cardiologists, with relatively younger and healthier patient populations had higher rates of statin use. Our results suggest that physicians were engaging in patient-centered care, tailoring treatments to patient characteristics. Keywords statins, prevention, cardiovascular disease, acute myocardial infarction, Medicare, physician quality
There is growing concern in the medical community regarding quality measures and guidelines that do not account for the art of prescribing and the complexity of the patient. 1, 2 Pressure exists from payers and regulating agencies for physicians to conform to guidelines, and some have argued that one way to reduce costs is to require adherence to clinical guidelines. 3 However, restricting flexibility in the treatment decision may in the end jeopardize patient-centered care. 4 Cooper and Strauss discuss their concern for the potential tyranny of guidelines in a recent paper, stating that "guidelines are expressions of the optimal pathway for the average patient, but, of course, most patients are not average (pp.233)." 5 Finding the correct balance between following guidelines and patient-centered care is relatively uncharted territory and open to scientific inquiry.
We were struck with this very tension in our own study of treatments prescribed to a population of elderly patients who experienced an acute myocardial infarction (MI). Current guidelines recommend that patients with an acute MI receive a statin for secondary prevention. 6, 7 The evidence for statin use is so strong that some have labeled it "effective care," such that all patients should be receiving it unless significant contraindications exist, such as hypersensitivity, unexplained persistent elevations of serum transaminases, or pregnant or nursing mothers. 8, 9 As these conditions affect a small percentage of the population, treatment rates substantially less than 100% could be thought by some as underuse or ineffective care delivery. Indeed, prescribing a statin post-acute MI is now a Joint Commission core measure and a Centers for Medicare & Medicaid Services (CMS) inpatient quality reporting measure.
However, studies have reported statin rates far less than 100%. According to the Dartmouth Atlas 2013 Medicare prescription drug use, 76.9% of survivors filled a statin prescription within 6 months of post-MI discharge. 9 We found that only 62% of our study cohort (Medicare beneficiaries hospitalized INQUIRY in 2008-2009 for an acute MI) had a statin available within 30 days of discharge, either through a new statin prescription or through pills remaining from a prescription prior to their MI. 10 This discordance between guidelines and practice prompted us to question whether these observed statin rates suggested that only 62% of physicians were providing high-quality care, or, whether physicians, who in general were providing quality care, believed that some patients might not sufficiently benefit from a statin post-discharge.
To test this, we plotted the distribution of statin fill rates for the physicians in our sample. If it is the case that only 62% of physicians were prescribing statins (thus providing high-quality care) and 38% of physicians were providing low-quality care by not prescribing statins, then we would expect the distribution of fill rates across physicians to consist of 2 spikes, one at 0% and another at 100% (ie, 62% of physicians prescribe statins to 100% their patients and 38% of physicians prescribe statins to none of their patients). A more moderate version of this story (that the observed statin rates are due to a mix of high-quality and low-quality physicians) could be evidenced by a bimodal distribution of physician-specific statin fill rates, with means near 0% and 100%. If it was the case instead that 62% of every physician's patients received a statin, then the distribution of fill rates across physicians would be observed as a single spike at 62%. Another potential scenario would be one where the physician-specific fill rates were normally distributed with a mean of 62%, implying that most of the patients for each physician received a statin, with some physicians having a higher or lower fill rate. A normal distribution could further imply that patient-centered care was being provided if the patients of doctors with lower fill rates were clinically different from patients of doctors with higher fill rates. In other words, it could be that some doctors had lower fill rates because their patient population was sicker and older than those with higher fill rates. This could be tested empirically by comparing patient characteristics across quintiles of the statin fill rate distribution.
Methods
The Chronic Conditions Data Warehouse (CCW) provided Medicare claims files, enrollment information and Part D events for all patients hospitalized with an acute MI in 2008 or 2009. For this analysis, we started with a previously constructed patient population. 10 This study was approved by our Institutional Review Board.
From Medicare claims, we identified every unique physician (from their National Provider Identifier) that our patient sample encountered while institutionalized. Each of the patients was assigned to every physician with whom they had a visit during their institutional stay, so that a single patient may be associated with multiple physicians. We then determined the proportion of patients for each physician that had a statin available in the 30-days post-discharge (either through a new prescription or an existing one with remaining pills) and designated this as the statin "fill rate" for each physician. Only physicians who saw at least 10 patients over our 2-year study period were included in the analysis, so that fill rates could be calculated with sensitivity. We calculated and designated fill rates for (1) all physicians and (2) cardiologists and non-cardiologists (identified by specialty codes reported on the claims). In addition to the full patient population, we also calculated fill rates for "younger" patients (66-75 years old) and "older" patients (aged 76 and older) by physician specialty (cardiologists and non-cardiologists). This age cutoff was chosen to mirror current guidelines. 6 Kernel density plots were drawn to visualize the distribution of statin fill rates across physicians. A bandwidth of 0.025 was chosen for the half-width of the kernel. Physicians (and their associated patients) were then grouped into quintiles based on their statin fill rate. These quintiles were created for the full sample (all physicians and all patients). Patient characteristics, such as age, gender, severity of acute MI (measured as an anterior wall MI or non-ST-segment elevation MI (non-STEMI)), comorbidity (documented chronic kidney disease, diabetes, hypertension, heart failure, or stroke in the year prior to acute MI) were compared across the quintiles using a Cochran-Armitage trend test. All analyses were done using Stata Version 12 (StataCorp LP, College Station, Texas).
Results
Our sample included 38,822 physicians (20,574 cardiologists and 18,248 non-cardiologists) and 123,432 patients (50,431 patients 66-75 years old and 73,001 patients aged 76 and older). The ranges of statin fill rates (and median) for physicians grouped by quintile were 0% to 50% (42%) in the first/lowest quintile, 50% to 59% (55%) in the second quintile, 60% to 66% (63%) in the third quintile, 67% to 74% (70%) in the fourth quintile, and 75% to 100% (79%) in the highest/fifth quintile (see Table 1 ). Even for physicians in the highest quintile (ie, most likely to have had patients receive a statin within 30 days of discharge) half had statin fill rates much nearer the lower bound of that quintile (ie, within 5 percentage points of the minimum, which was 75%) than the maximum for that quintile (100%). The distribution of physician-specific statin fill rates was normal, with very few physicians in either tails (see Figure 1 ). Cardiologists were on average more likely to have had patients fill statins (65%) than non-cardiologists (60%). Stratifying by patient age, statin fill rates were again normally distributed (regardless of physician specialty) although the means of the distributions were not equal (see Figure 2) . Older patients were less likely to have a statin than younger patients. For cardiologists, 71% of patients aged 66 to 75 and 66% of patients 76 and older had a statin available within 30 days of discharge. The means for non-cardiologists were lower: 68% (aged 66-75) and 55% (aged 76 and older). Regardless of specialty, there seemed to be more agreement in how to treat the younger patients, as the standard deviation for these distributions was smaller. Even so, the shape of all our statin fill rate distributions remained normal (rather than spiked or bimodal).
Patient characteristics for each statin fill rate quintile are reported in Table 1 , along with results of the CochranArmitage trend tests. Our results suggest that patients of physicians with low statin fill rates were significantly different than patients of physicians with high fill rates. For example, for the physicians in the lowest statin fill rate quintile, 22% of their patients had chronic kidney disease documented in the year prior to their acute MI, compared with 16% of patients for the physicians in the highest quintile. The patients of physicians in the higher fill rate quintiles were younger, had fewer comorbidity, and more serious MI (all Ps < .0001). 
Conclusions
Although guidelines strongly recommend statin use in patients after an acute MI, 6 only 62% of patients in our cohort (65% of cardiologists' patients) received one within 30 days of institutional discharge. Our data suggested that this is not due to a mix of high-quality and low-quality physicians, which would have been evidenced by a u-shaped or bimodal distribution in physician-specific statin fill rates. Instead, the normally distributed fill rates (along with the differences in patient characteristics across quintiles) suggest that physicians were engaging in patient-centered care, sorting their patients into treatments and prescribing statins to those they thought would experience the most cardiovascular disease risk reduction benefit with the fewest adverse effects.
There are limitations to our study. First, we included only physicians with at least 10 patients. Thus, our results are not generalizable to all physicians who treated acute MI patients in 2008-2009. However, we felt that this was a necessary inclusion criterion to ensure that our calculated statin fill rates were sufficiently sensitive. The mean and median statin fill rate for this smaller sample of physicians was no different than the rate of statin use for the full sample.
Also, our measure of medication use required that the patients covered by Medicare Part D used their benefits. The availability of $4 generic statins may have resulted in some individuals paying for their medications with cash, bypassing Part D altogether, and being inappropriately labeled in our analyses as an individual with no statin. This will only affect the distribution of the physician-specific statin fill rates if these patients are not randomly distributed across physicians. It could be argued that certain physicians may be located in areas where the majority of their patients are lower income. However, the poorest patients (who may also tend to have more comorbidity) would qualify for the low-income subsidy, and their medications under Part D would cost less than $4 so that they would have no incentive to pay $4 in cash for their statin. Thus, only the individuals with out-ofpocket costs greater than $4 would be incentivized to pay cash for their statin. Paying cash, though, would not accrue their total drug costs under Part D and could adversely affect their future benefit phases. In addition, we do observe $4 statins in our Part D events; 5% of our study patients paid exactly $4 and an additional 5% paid less than $4. Although we do not know how many patients paid cash for their statins, we do observe a number of patients paying $4, suggesting that when given the option to pay cash, some individuals are still choosing to obtain their medications through Medicare.
Finally, we are aware that estimating physician-specific statin utilization rates using "filled claims" may not reflect prescribing intent. It is possible that the normal distribution we observe across physicians reflects the distribution in patient adherence to statins across the patients treated by each physician. It could be the case that 100% of physicians are prescribing statins to 100% of their patients, but that 38% of the patients are choosing to not fill a prescribed statin in such a way to make the distribution of physician-specific fill rates appear normal.
Previous work has shown that patient characteristics do affect the propensity to fill a prescription (ie, primary adherence), both in a population-based outpatient sample 11 and for those who experienced an acute MI. 12 For example, Jackevicius et al. found that patients with diabetes were more than 1.26 times more likely to fill their prescriptions post-MI. In our sample, physicians in the first quintile had the greatest proportion of diabetic patients, and thus the observed fill rate in this quintile may be higher than if the proportion of diabetic patients across physicians was uniform. However, Jackevicius et al. also report that patients with heart failure are 0.45 times as likely to fill their prescriptions postdischarge as those without heart failure. The first quintile (which had the highest proportion of diabetics per physician) also had the highest proportion of heart failure patients. Thus, any bias in fill rates from the diabetics (who were more likely to fill the prescriptions) would be counterbalanced by the greater proportion of heart failure patients (who were much less likely to fill the prescriptions). All of our patient characteristics were distributed across the quintiles linearly (significantly increasing or decreasing across the quintiles) and a number of them were reported in the papers by Jackevicius et al. and Fischer et al. as factors influencing primary adherence. This would imply that the impact of primary adherence would be greatest at the tails, and not toward the major bulk in the distribution of physician-specific fill rates. In addition, it has been reported that more than 90% of MI patients fill their statin prescriptions within 30 days of discharge. 12 Thus, even with patient factors driving primary adherence, the effect would be most pronounced in the tails and limited by the fact that only 10% of MI patients fail to fill their statin prescription within 30 days of discharge. In conclusion, the true distribution of physician-specific statinprescribing rates is likely similar to ours, and suggests that, at least in this sample, there is no clear distinction in physician quality, and that physicians play a substantial role in tailoring prescribing decisions to the individual characteristics of their patients. This conclusion is corroborated by a recent Canadian study that found that statin rates post-acute MI correlated strongly with expected life expectancy.
